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I. INTRODUCTION 


The KINGFISHER 1s a radar-oontrolled, subsonic, self-homing, airborne 
guided missile designed to deliver an explosive oharge below the waterline 
againat floating targets. It ia intended that KINGFISHER will be relessed 
from an aircraft well beyond the range of oonventional antiairoraft fire 
originating at the target. The XINGFISHER, in turn, will release a torpedo 
at somo distance ahort of the target. An exception is the Type E KINGFISHER, 
whioh is intended for submarine targeta and ig to be released from shipboard. 


Projeot KINGFISHER is an outgrowth of the PELICAN and BAT Projeots, 
whioh were carried out, during the war, at the National Bureau of Standards 
under the sponsorship of the National Defense Researoh Committee and the 
Bureau of Ordnenoe of the Navy Department. Supporting radar development 
work was done by the Radiation Laboratory of the Massaohusetts Institute of 
Technology. First design consideration was given to KINGFISHER in 
September 194, but active development work on the Projeot did not begin 
until after the end of World War II. The Projeot was originally under the 
eognizanoe of the Bureau of Ordnance, but during the current quarter, the 
sasistanoe of the Bureau of Aeronautios was enlisted, and Project KINGFISHER 
is now controlled jointly by these two Bureaus of the Navy Department, 
Technioal direction of the Projeot is the rasponsibility of the National 
Bureau of Standards. The organization ohart for the KINGFISJER development 
project is shown in Figure l. : 


As of January 1, 1947, consideration was being given to five KINGFISHER 
types: A and B, whioh were gravity-powered (glider), and C, D and E, whioh 
were jet-powered missiles. During the current quarter, at the direotion of 
CNO, the glider types, A and R, were abandoned because of laok of an opere- 
tional demand. .i new type, Type F, was added, whioh is essentially a powered 
version of the former Type B. Currently, the four types of KINGFISHER 
missiles, designated for development, are as follows: 


Type Cs A power-drivan missile having a 20-mile range when launched 
from an aircraft at low altitude; total weight of the unit 
to be about 4,000 lbs., including the payload, which isa a 
power-driven homing torpedo having  350-1b. warhead charge. 
The Type C KINGFISHER is being designed to be released from 
ourrently available aircrart and to use ourrently aveilable 
torpedees (in particular, the 'k 13 and Nk 25). 


Type D: A power-driven missile having a 20-mile range when launched 
from an aircraft at low altitude; total weight of the unit 
to be about 3,000 lbs., inolucing the peyload, a light-weight 
power-driven homing torpedo (not yet developed) having a 
200- to 4C0-Jb. warhead oharge. 


Type E: A power-driven missile having a 10- to 20-mile range when 
launched from a surface ship; the total weight of the unit 
to be about 3,000 lbs., inoluding the deep-diving homing 
torpedo (jik 35) now in the researoh stage. 
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Type Fi A power-driven vehicle having a 20-mile range, airoraft 
launched; the total weight of the unit to be about 1,000 lbs., 
inoluding the payload, which will be a non-powered, non-homing 
bomb torpedo of about 350-16, weight, similar to the German 
BT. The payload has not yet been developed, 


Major effort is being put on Type C KINGFISHER, although the other three 
types, particularly Type F, are being given serious attention. Because of the 
fact that powered missiles, even the interim design, will not be available for 
flight testing until 1946, an extensive test progrem is under way with glider 
missiles in order to facilitate the development of the other essential oom- 
ponents, 


The progress and status of development of KINGFISHER is presented, in the 
follcwing sections of this report, under hesdings of Airframe, Navigation, 
Intelligence, Servo Systems, Propulsion, Eleotrical Power Supply, ard Instru- 
mentation. Under esoh heading is a brief summary of the over-all status 
followed by a more detailed resume! of ourrent progress. ‘The applicability of 
the various developments to different KINGFISHER types is oonsidered sepa- 
rately in each seotion,. 
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II. AIHFRAME 


4. STATUS OF DEVELORENT 


Moat of the work to date on KINGFISHER airframes haa been on glider 
versions in ordar to have vehiolas available for immediate field testing. 
However, in wind tunnal tasts and dasign studies, the required modifications 
on the airframe to oonvert it to the powered version have been carefully 
notad. 


The airframe used in ourrent field tests is designatad Mark 15 and ia, 
to some axtent, a modification of tha BiT airframa. An improved glider ver- 
sion airframe, designatad as the wing-attached model, dispensaa with the 
body structure of the ark 15 and attaches the wings direotly to the torpedo 
body. These two eirframes were shown as Figures 2 and 3 in Quartarly 
Progreas Report No. 1. Extensive wind tunnal tests on e model of the wing- 
attached glidar have bean made and nave yielded dasign data for an airframe 
possessing axcellent aerodynamic propertias. 


Wind tunnel tests for e Type C KINGFISHER airframe have shown that 
optimum locetion for the propulsion unit is aft of tha torpedo shroud ring. 
The tasta have given data on lift end drag ooafficients, L/D ratio, and 
preferred trim engles. 


wets, 


In all KINGFISHER models, it is planned that the intelligence system be 
mounted in a housing on the forward end of the torpedo. Zero oontrols will 


| : probably be located in the wing struoturea. } 
| B. CURRENT PROGRESS | 


1. Mark 15 Airframe 


Four ifark 15 airframes were prepared for field test during the 
current quarter for the purpose of obtaining additional data on the 
sarodynamio propurties of the missile during homing flight, particu- 
larly in regard to determinetion of best dacalage satting. In the 
first two units, the decalage (angle bet.wen the chord of the main 
wing and the chord of the horizontel tail surface) of one was set at 
3°, and of the other, at 34%. liark 1 (PELICAN) radar equipment was 
usad and arranged for homing on an sN/sPN-7 transponder used as a 
beacon. 


ry 
t 


Flight data obteined in the two previous tests (Flights K-23 and 
K-2l) showed that the failure of these units to reach the target was 
due to the effact of the larcs roll-hunt emplitude on the action of 
the pitch gyro. In order to correct this condition, the angle of the 
tur gyro was increased from 15° to 25°, ilso, tail elevators simi- 
lar to those in use on the Nod O BAT were installed, ond the setting 
of the pitch gyro increwsed from 2°/seo tc 6°/s00. 


One unit (Flight K-25) wae dropped in a 29-kmot orosswind and 
landed 140 feet to the left and &9 feet over the bescon. The flight 
reoordg obtained from the nosa cemera showed e yaw oscillation of 
about 7° emplituda, Tha flight as e whola, however, was vary goode 
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The other unit was destroyed when it ws accidentally dropped 
on the runway at the Test Station, 


| Two additional units were tested to attempt te reduce the yaw 
: oscillation obtained in the previous flights. These units were 
equipped with ifark 2 (BAT) radar equipment and were dropped against 
a corner reflector. Six-inch extensions ivere provided on the verti- 
6al tail surfaces to provide greater directional stability. 


The first unit (Flight K-26) had a decalage of 3°. The clider 
oamera records indicated that, although the radar was calling for a 
Glide signal, the elevons moved to an average position half way to 
full glide. The yawing motion was not noticeably affected by the 
increased area of the vertical stabilizer. Homing control was 
apparently lost during the flight; the landing point was 1,700 feet 
short and 1,250 feet to the left of the corner reflector. 

A 


The second unit (Flight K-27) had a decalage of 33°, The pitoh 
and yaw hunt amplitudes of this test were very similar to K-26 
except that, about 12 seoonds after release, the flight became very 
steady for 6 to 10 seconds. During this period, the elevons were 
at full glide limit. The flight was good, the unit landing 146 feey 
short and 18 feet to the left of the corner reflector. 


: Comparison of the flight characteristics of the three missiles 
indicated that the 34° decalare setting was superior, although the 
data were not sufficient to be conclusive. clissiles for future 
tests will be propared with the 34° decalage setting. 


} Torpedo Release - Test Flight K-10 (reported previously) was ‘ 
made for the purpose of testing a mechanism to release the torpedo 


.from the ijark 16 airframe. Analysis of the photographs was made 
during the current quarter, and the results show satisfaotory opera- 
tion of the mechanism. The operation of the torpedo release is 
shown in a series of photographs in figure 2. 


2. ‘Jingeattached Glider 


Extensive aerodynamic tests of the glide version of the wing- 
attached airframe were conducted in the BS' 6-foot wind tunnel. 
Messurements were. completed on approximately fifty different oon- 
figurations of the model. The model with the desirable position 
of the wing and tail is shown in Figure 3. Tables 1, 2, 3, 4, 6 

* and 6 list the trim ansle at zero pitching moments for the various 
positions of the wing, the tail, and the center of gravity when 
the control flaps are set at ~30°, 0°, and +30°to the neutral. 
The positions of the wing, the tail, and the center of gravity are 
listed as ratios to the root chord of the main wing. It is note- 

- worthy that for tho optimum configuration, the engle of trim is 


within +1° to the flight peth for the full range of the control | 
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flap settings (see Table 6). The diagram tor use with Tables 1 
to 6 is shown in Figure 4, 
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FIGURE 2 
TORPEDO RELEASE BY KINGFISHER MISSILE 
(The above sequence of pictures shows the separation of the torpedo F 
and Kingfisher airframe in an actual flight test. The piotures were 4 
taken at a speed of 64 frames per seoond, and the numbers adjacent 4 
to the various views represent the number of frames after the release ¥ 
mechanism functioned. This functioning is identified by a flash of » 
light, shown in the view labeled 0.) | 
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; TABLE 1 
TRIM ANGLES OF THE WING-ATTACHED AIRFRAME FOR ZERO PITCHING 
. MOMENT FOR VARIOUS FLAP SETTINGS AND SPECIAL CONFIGURATIONS 
Ratio 
Flap Trim Rat ios Tail Area Tail 
Settings Angle We WC ~ ee Main Wing Seotion 
-30 ~1 2.21 0.43 0.59 4.28 0.36 NACA .0012 
0 42.05 2.21 0.43 0.59 4.28 0.36 NACA .0012 | 
30 2.21 043 0.59 4.28 0.36 NACA .0012 
30 0 2.28 0.43 0.59 h.28 0.36 NACA .0012 : 
9] 43.25 2.28 0.43 0.59 4.28 0.36 NACA .0012 i 
30 2.28 0.43 0.59 4.28 0.36 NACA .0012 i 
30 0 2.54 0.43 0.59 4.28 0.36 NACA 20012 
0 4305 2.36 0.43 0.59 4.28 0.36 NACA 0012 5 
30 mY 2.25 0.43 0.59 28 0.36 WACA .0012 a 
30 mi 2.36 O43 0.59 h.28 0.36 NACA .0012 
fs) 4 2.36 0.43 0.59 028 0.36 NACA .0012 
30 435 2.36 O43 0.59 4.28 0.36 NACA .0012 ; 
30 565 2.5% 0.43 0.59 28 0.36 NACA .0012 
r 0 +1 2.36 O43 0.59 .28 0.36 NACA .0012 
30 45 2.36 0.43 0.59 28 0.36 NACA .0012 
30 92.5 24h 0.36 0.59 h.28 0.36 NACA .0012 i 
0 - 2, 0.36 0.59 4.28 0.36 NACA .0012 { 
30 +1 2 0.36 0.59 4.28 0.36 NACA .0012 
30 ) 2 0.36 0.59 .28 0.36 
) + 025 2h 0.36 0.59 4.28 0.36 
30 +3 2.44 0.36 0.59 4.28 0.36 
30 0 2.36 0.36 0.59 4.28 0.36 
0 + 025 2.36 0.36 0.59 4.28 0.36 NACA .0012 
30 435 2.36 0,36 0.59 4.28 0.36 NACA 0012 


The ratios in the center column of the table refer to special configurations 
and are explained in Figure 7. The optimum settings are shown in Tablo 6. 
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TABLE 2 


Ratio 
Trim Rat i$ 0o 8 Tail Area 
Angle We YE oe 17 Main Wing 
0 2.28 0.40 0.59 28 0.36 
42 2.28 0.40 0.59 4.28 0.36 
+5.5 2.28 0.0 0.59 h.28 0.36 
() 2.28 O40 0.52 h.28 0.36 
+3 2.28 0.40 0.52 4.28 0.36 
+6 2.28 0.440 0.52 4.28 0.36 
fe) 2.28 0.36 0.52 4.28 0. 
+1 2.28 0.5% 0.52 4.28 a 
+h 2.28 0.36 0.52 4.28 0.36 
+ 50 2.36 0.28 0.52 4.28 - 0.36 
bad 250 2.36 0.28 0.52 4.28 0.36 
+ 50 2.36 0.28 0.52 4.28 0.36 
+1 2.36 0.28 0.52 4.28 0.36 
(¢) 2.36 0.28 0.52 4.28 0236 
+1 2.56 0.28 0.52 4.28 0.36 
+1 2.% 0.32 0.52 4.28 0.36 
+ 250 2.% 0.32 0.52 4.28 0.36 
+ 2250 2.36 0.32 0.52 4.28 0036 
+1 2.36 0.36 0.52 4.28 0236 
+ 1.50 2.36 0.36 0.52 4.28 0.36 
+4 2.3% 0.36 0.52 1.28 0-36 
e 1.50 2.36 0.36 0.52 4.28 0.36 
o« 250 2.36 0.36 0.52 14228 0.36 
+ 2.50 2.36 0.36 0,52 4.28 0.36 
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TRIM ANGLES OF THE WING-ATTACHED AIRFRAME FORK ZERO PITCHING 
MOMENT FOR VARIOUS FLAP SETTINGS AND SPECIAL CONFIGURATIONS 


Tail 


Section 


NACA 
NACA 
NACA 


NACA 
NACA 
NACA 


NACA 
NACA 
NACA 


NACA 
NACA 
NACA 


NACA 
NACA 
NACA 


NACA 
NACA 
NACA 


NACA 
NACA 
NACA 


NACA 
NACA 
NACA 


The optimm settings are shown in Table 6. 


20012 
20012 
20012 


20012 
20012 
20012 


20012 
20012 
-0012 


20012 
20012 
20012 


20012 
20012 
20012 


20012 
20012 
20012 


20022 
20012 
0012 


20012 
20012 
20012 


The ratios in the center column of the table refer to special configurationa and 
are explained in Figure 7. 
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_ TABLE 3 . 
TRIM ANGLES OF THE WING-ATTACHED AIRFRAME FOR ZERO PITCHING 
MOMENT FOR VARIOUS FLAP SETTINGS AND SPECIAL CONFIGURATIONS 


Trim R at ioa 
Angle 

e «50 0.52 
+ 250 0.52 
+3250 0.52 


; 43-3 
R30 


LAE IEEE PEE RTE 


F al 
° 


4.36 
1036 
1.36 
1.36 
4.36 
1.36 
1.36 
ty 
36 


Tes ratios in the center column of the table refer to special configurations and 
are explained in Figure 7. The optimum eettinge are shown in Table 6, 
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TABLE , 


TRIM ANGLES OF THE WING-ATTACHED AIRFRAME FOR ZERO PITCHING 
MOMENT FOR VARIOUS FLi:P SETTINGS AND SPECIAL CONFIGURATIONS 


Ratio 
Trim Tail Area Tail 


Ancle S2otion 
1.50 


1.50 
+1 


© 625 

= 625 
10 + 50 
20 +1 
30 #2 


4 
30 -1 "ACA 20012 { 
fr) 43.50 : WaCh .0312 | 
30 36 4 NACA .0Cl2 j 
30 “9 MAGA 0022 { 
o -3.50 als eo: Rica .0012 { 
30 +4 ; : Fick .C912 


30 ) 
0 +2.50 

30 +550 

30 = 025 
0 #2 

30 +4.50 

30 + 50 
0 


444.50 
30 +750 


® 


N’CA .9012 
Nui .3012 
NACA 20012 


MACA .0012 
NACA 20922 
NACA 0OUs2 
NACA .0012 . 
NACA 0022 i 


s Oo eco 
RR 


BRR 


o eosce 
‘ 

Ww 
R B 


Ni.Ga .UuS12 | 
NACA .0012 
NALA .0012 | 


eco 
RRR 


NACA .OMle 
NACA .0012 
NACA .0012 


Qo00 
RRR 


WACA 29012 
NACA .0012 
NACA .9012 


geo 
PRR 


The ratios in the center colum of the table refer to special configurations and 
are explained in Figure Je The optimum settings are shom in Table 6. 
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TABLE 5 
| TRIM ANGLES OF THE WING-ATTACHED AIRFRAME FOR ZERO PITCHING 
MOMENT FOR VARIOUS FLAP SETTINGS AND SPECIAL CONFIG! RATIONS 


Ratio 
Flap Trin R a t io 5s Tail Area Tail 
Settings Angle C/E C {ain Wing Section 
30 fo) 2.36 0.34, 0.52 4.28 0.50 Large Flat 
ie] 41.25 2.36 0.34 0.52 4.28 0.50 Large Flat 
30 +4 2.36 0634 0.52 4.28 0.50 Large Flat 
30 fe) 2.36 0.30 0.52 4.28 0.50 Large Flat 
0 +1 2.30 0.30 0.52 4.28 0.50 Large Flat i 
30 +3 2.% 0.30 0.62 4.28 0-50 Large Flat 
30 02 2.36 0.30 0.52 4.28 0.50 Large Flat 
fo) = 50 2.36 0630 0.52 4.28 0.50 Large Flat 
30 41.50 2.36 0.30 0.52 4.28 0.50. Large Flat “ 
30 = 1,25 244 0.23 0.52 4.28 0.50 Large Flat 
) -1 2.44 0.23 0.52 4.28 0.50 Large Flat 
: 30 fo) 24 0.23 0.52 4.28 0.50 Large Flat 
30 1,25 2.) 0.23 0.52 28 0.50 Large Flat* | 
f ) ol 24 0.23 0.52 4.28 0.50 Large Flat* 
tos 30 fo) 24h 0.23 0.52 .28 0.50 Large Flat™ | 
| 30 - 1.50 2ebly 062, 0.52 4.28 0.50 Large Flat 
) -1 2d O82, 0652 4.28 0.50 Large Flat 
30 + 050 2d 0.24 0.52 4.28 0.50 Large Flat 
30 -3 2.28 0.2, 0.52 4.28 0.50 Large Flet 
0 0 2.28 0.24 0.52 4.28 0.50 Large Flat 
30 +h 2.28 0.2, 0.52 4.28 " 0.50 Large Flat 
30 -3 2.28 ° 0.52 4.36 0.50 Large Flat 
0 0 2.28 Oc; 0.52 236 0.50 Large Flat 
30 eh 2.28 0.24 0.52 4.36 0.50 Large Flat 
30 -3 2.28 0.2, 0.52 36 0.50 Large Flet 
) ) 2.28 6.2 0.52 4.36 0,50 largs Flat : 
30 +4 2.28 2, 0.52 4.36 0.50 Large Flat 
; * Without torpedo prepellers,. 
& The ratios in the center column of the table refer to speoial configuretions and 


7 are expleined in Figure 7. The optimum settings are shown in Table 6. 


= Sa ee green = = — 
| ‘ ¥ a ae “e 1” at 
r a : . eS cet 
Re. abd « F i 
\ . wets on 
‘ as 
he Py 
; acids 
‘4 . 
. Z = 
= “” . * ‘ 
‘ a AY, 
oe % e 
ne ~ 
a = « 
oe 
coh t F : a 
o : ay 
- bi ; 
: 2. a tas e ¥ - 


¥* : : ee we ‘ 


SECRET _ 
TABLE 6° 


Page 15 


TRIM ANGLES OF THE WING-ATTACHED AIRFRAME FOR ZERO PITCHING 
MOKENT FOR VARIOUS FLAP SLTTINGS AND SPECIAL CONFIGURATIONS 


s Ratio 

Flap Trin Roa t ios Tail Area 

Settings Angle w/c Cc G/c T/C Nain Wing 
30 2 2.36 0.32 0.52 h.36 0.50 
0 = 050 2.36 0.32 0.52 4.36 0.50 
30 +2 2.36 0032 0.52 1.36 0.50 
30 =1.50 21 O24, 0.52 4.36 0.50 
) =1 Qe 0.2) 0.52 4.36 0.50 
30 +1.50 2h 0.24 0.52 4.36 0.50 
30 +1 2h 0.2 0.52 .32 0.50 
re) + «50 24 0.24 0.52 4.32 0-50 
30 +2 244 0.2) 0.522 4.32 0.50 
30 +1 2th 0.24 0.52 4.28 0.50 
fe) +1 2h 0.24 0.52 1.28 0.50 
30 +2250 2h 0.2), 0.52 4.28 0.50 
30 re | 244 0.2, 0.52 4.28 0.50 
(0) + 2th 0.24 0.52 1.08 0.50 
30 +2 2d 0.2) 0.52 4e28 0.50 
30 o* 26 0.2, 0.52 4.36 C50 
0 o* 2h 0.24 6.52 4.36 0.50 
30 +1* 2d 0.24 0.52 1.56 0.50 
30 -1 24k 0.24 0.52 1.36 0.50 
fo) al 24h 0.24 0.52 1.36 0.50 
30 ) 24 0.24 0.52 4.36 0.50 
30 +1 24h 0.2) 0.52 4.36 0.50 
) +1 2 0.24 0,52 1.36 0.50 

* Optimum 


The ratios in the center column of the table refor to special configurations end . 


are explained in Figure 7. 
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The structure for the optimum oonfiguration was analysed for 
stresses under wing loadings of 500 lbs. per sq. ft. Detail design 
of this struoture was completed for one set of full-scale wings and 
the models were oonatruoted. The full-scale wind tunnel tests will 
not, however, be made beoause of divergence of effort from the 
glider version. 


3. Powered Airframe (Type C) 


“fith the shift of emphasis from glider to powered versions of 
KINGFISHER, wind tunnel tests were modified to provide design infer- 
mation for powered airframes. Many of the glider data, as well as 
the wind tunnel models, have proved useful in this other application. 
In particular, studies were made to determine the relative merits 
of various single- and twin-engine motor arranzements using the 
glider model. In Fige 5 are listed the relative drags for the 
various arrangements of the propulsion unit. It is noted that the 
optimum position of the motor was found to be aft of the torpedo 
and in line with its axis. This desirable configuration for the 
wind tunnel model is shown in Figure 6 j/ith this arrangement, 
however, a slight reduction in propulsive efficiency is expeoted, 
but the aerodynamiool advantage should more than offset this reduo- 
tion. 


A wind tunnel] model (1/6 size) for the Type C KINGFISHER was 
prepared. Measurements ware made to determine the lift and drag 
ocefficients, tho L/D ratio, and the trin angles for sero pitohing 
moments at control flep settings of -40°, ~c0°, -20°, -10°, 0°, 
+10°, +20°,+30°, and + 40°. These quantities were determined 
for various positions of the center of gravity and for four 
different wing sections. Figures 7 and 8 give the comparison of 
these quantities for the wing seotions tested, These wing seotions 
varied mainly in the degree the trailing edge was raised above the 
ohord line of the basic wing. The ordinates affeoted were aft of 
the 50/5 ohord station. The X/C ratio shown in Figure 4 equals 31%. 


These reverse oambers are listed as a peroent of the root 
chord. A ratio of 2% wns chosen to satisfy the lift coeffioient 
required for horizontal flight for a missile of approximately 
3,300 lbs. weight. 
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FIGURE 6 


TWC VIEWS OF THE WIND TUIMIEL MODEL OF THE KINGFISHER 
AIRFRAME SHORING OPTIMUM LOCATION FOR THE PROPULSION UNIT 


FIGURE 7 


LIFT CORFFICIFNTS FOR TYP! C KINGFISHER AIRFRAME 
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DRAG COEFFICIENTS, TRIM ANGLES, AND 
L/D RATIOS FOR TYPE C KINGFISHER AIRFRAME 
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III, WAVIGATION. 
A. STATUS OF DEVELOPUENT 


The pursuit-oourse type of homing employed in BAT is considered insdequate 
for use against fastemoving targets. This conolusion is based on experience 
with BAT, as well as on mumerous mathematical etudies. Accordingly, various 
typea of course navigation are being investigated for KINGFISHER. Any type of 
navigation which oauses the missile to fly a course differing from pursuit 
must cause the missile to fly at an angle to the line-of-sight path. Therefore, 
the homing referonoe axes will be variavle with respect to the missile axes, 
end a majér design consideration will be to provide adequate separation between 
homing signals and stabilization signals. ‘The importance of this separation 
has been well established in actual flight tests and in sinmmlated flight tests. 


Flight tests arainst moving targets have been made with KINGFISHER and 
modified BAT missiles at the Tarren Grove, New Jersey, Field Station. The 
results of these tests have showed that with a fixed azimth offset on the 
radar axis, made as a predetermined lead computation, incrsased accuracy was 
obtained. However, when the offset was variable (some fraction of the angle 
between the line-of-sight and missile axis), tne results were erratio, 
Apparently long-period yaw oscillations of missiles produced appreciable azimth 
error. This effect has been fully verified in tests with the flight simlator, 
details of which are reported below. , 


Currently, the most favored syste: is to stabilize the radar axis along 
the line-of-sight, independently of any reference axes in the missile, Radar 
error signals, caused by target or missile translation, vould then provide 
nevigation signals for the axes of tne reference gyro of tho missile. This 
system has not yet been tested on the flight simulator. An important require- 
ment of this system is that the natural drift rate of the reforence gyros be 
low. 


For the spplications where low trajectories throughout the flight are 
expected, consideration is being given to a navigation system in which pitch 
homing is supplemented with altitude control. 


3B. CURRENT PROCRAM 
1. Flight Simlator Tests 


& serics of tests with the KINGFISHER flight simulator comparing the 
performance of the control systems of the ilod O and the liod 1 BaTs 
revealed no significant differenoe between the tro systems in respeot to 
their accuracy in pitch. However, the .lod 1 system exhibited better 
characteristics in richt-left performance. ‘iith the !iod 1 system, smaller 
right-left dispersions in paths were obtained for flights made under 
identical conditions, and there was less tendency for large amplitude, 
long pericd (10-to 15-second) oscillations to develop. 


Following the above-mentioned tests, it was decided that investiga- 
tions of different navigation systems, with a via toward determining 
the optimum “navigation factor" for KING *ISiIER, should have priority 
over other simlator tests, Considerable modifications of the similator 
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1 See Reference 1, Bibliography, Section IX. 


atabilized mount for the photoeleotrio homing head was built and 
installed on the inner platform of the rotation simlator. This mount 
is shown in the center of Figure 9. -The mount is stabilized in yaw and 
pitoh by e small servo system. Signals for controlling the homing head 
servos may be derived from gyro references or other sources. At 
present, the mount is osused to turn in yaw and pitch by some proportion 
of the angles turned through by the yaw and pitch gimbals of the sim- 
lator. This proportion can be caried continuously from 1 to 0, thereby 
covering the complete range of courses between the collision and pursuit 
oourses, The navigation courses which will result from this arrangement 
of the simulator are the same as those which would result in actual 
flight if perfect free gyros were used as a rsfsrence for the homing 


i 
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were required before these investigations oould be undertaken. A small 
head ssrvos. 


before any “navigation factor" atall could be used to advantage, a very 
effeotive means must be found for damping out long-period homing oscil- 
lations which become worse as the amount o!' navigation is increased. A 
very effective means of danping out this oscillation is to introduce a 
lead into the homing signals. A lead of about 40° has been found to be 
very effective on the simlator. 


a an 


The faot that the long-period homing oscillation beoomes less damped 
as the distance of the glider from the target is lessened makes it 
possible to use the distance at whion the oscillation becomes undamped 
as @ measure of the damping. shen measuring the camping on the sime 
lator, the translation target carriage is allowed to osoillate at a 
fixed distance from the rotation simulator. In successive trials, this 
distance is lessenad until a point is found where the yaw oscillation 
becomes undemped. For any given oircuit confizuration, this distance 
has been found to be critical. 


Tests of the navigation system in which the radar axis is in- 
dependently stabilized will be made when a stabilized antenna mount 
becomes available. 


2. Altitude Control 


With the emphasis of the KIlGFISHER program shifted from glider to 
povered missiles, provision for low flat trajectories becomes increasingly 
importent. jor such trajectories, altitude control may be prefe: red to 
pitch homing with rader signals reflected from the tar et. The problem 
of altimeter coytrol has been analyzed,und the results presented in 
Report 0D-8-21!.~" Conclusions from this report follow: 


(a) altimeter ooatrol offers no appreciable advantage for 
a gravity-powered missile. 


(b) Altitude information is probably essential for at least 
the early portion of the flight of powered missiles. 


a 
A number of tests with the simulator, using the stabilized homing 
head, along with the lfod O BAT control system, made it apparent that 
if 
| 
H 
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FIGURE 9 


SLIGHT SIMULATOR WITH PHO 
HEAD MOUNTED IN THS 
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7 (0) Altimeter design depends in part on the altitude at 
: which powered missiles are igtended to fly. This 


latter ia conditioned by the desire to avoid detec. 


: tion by staying low, and algo by the requirements 
ms for torpedo release, It may be necessary to release 
the torpedo from an altitude between 500 and 1,000 ft, 
Further consideration of this topio will depend on 


more Speoific formation of the technique of torpedo 
release, 
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Tv. INTELLIGENCE 
Ae STATUS OF DEVELOP:ENT 


The intelligence system under development for Types C, D and F KINGFISHER 
is X-band radar providing homing signals for asimith and pitch. assembly 
of the first model for flight and other teste has been completed. Thia model 


was originally intended for Type A KINGFISHER but is readily adaptable to 
Type Cc. 


Miniaturization of various components of the intelligence system, an easen- 
tial requirement for Type F, is in process. 


Development of an i altimeter to replace pitch homing in the oase of low= 
altitude trajectories has been initiated. 


The salient features of the first prototype intelligence system for Type C 
KINGFISHER are as follows; 


(1) Antenna system: four-horn model pictured in Quarterly Progress 
Report No. 1; vequential soanning. 


(2) Ref system: 2055 or 2J56 magnetron; 1/4 microssoond pulse; 
measured power about S5 kw peak; 2,000-cyole repetition rate. 


(8) Modulator: pulse-forming line, hydrogen thyratron (4035), pulse 
trans former. 


(4) Receiver: unbalanced mixer, fixed-tune 60 mo i-f amplifier, as 
desoribed in wuarterly Progress Report No. 1. The pre-mixer 


attenuator, required for crystal protection at minimum range, 
has not yet been included, 


(5) AR Unit: as described in Progress Report No. l. 


(6) Video Unit; as described in Quarterly Progress Report No. l. 


(7) Eleotronio Power Supply: An electronic power supply has been 

designed to operate with a 1l5«volt input at either 400 or 
800 cyoles. A mockup wus constructed for €0-cycle operation, 
scaling up the filter time constants and using larger tubes 
in place of certuin T53 tubes in short supply. Commercially 
available transformers were used, in some cases of oaly 
approximately correct voltage ratios. As a result, some of 
the regulating tubes run over their specifications, with 
resulting short life, but with reasonably zood performance 
during the early portion of the life. It was subsequently 
found possible to operute this supply at 800 cycles. This 
last feature permits flight tests without awaiting the wind- 
ing of special transformers, since inverters are available 
from the BAT program for converting the 24-volt d.c. airplane 
supply to 115 volts, 800 cycle a.c. 
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CURRENT PROGRESS 


Type © Prototype 
(a) Laboratory Tests 


Switoh Tube Performance - The ignition voltage was found to be 
somewhat higher than was hoped for, necessitating a modifioation of 
the switch tube gating oirouit to supply the higher voltage without 
exceeding gate tube specifications, 


The tube life was found to be quite low, with the average life 
leas than 50 hours end with some tubes failing in an hour or tw, 
New modifications are being prepared to extend the life, some of 


which involve also extending the recovery time. The latter, however, 


will be tolerable in the present system, sinoe the switch tubes are 
not fircd as TR's by the transmitted pulse, due to non-duplexing 
and loose reoeiving-transmitting antenna coupling. Thus, the 
awitching can be initiated sufficiently in advance of the expected 
echo to aliow switoh tube recovery. Three tubes with a new filling 
have been received, whioh require only about 1/3 to 1/4 the amount 
of control ourrent, and presumably have a muoh longer life. A 
recovery time of 20 nioroseconds is oharacteristi¢: of these tubes. 


System Performance - The transmitter has been ohecked for peak 
power output, frequency, and frequency spectrum, and found satia~ 
factory. 


The tranmitter ooupling to the AN converter has been 
adjusted for proper At action. 


The switching section (that portion of the r-f plumbing where 
the three receiving horns converge, through the switch tube, into 
the common converter ohannel) was checked for insertion loss 
viewed from each of its three in,uts. Certain differences between 
switch tube and TR box characteristios were noted, which required 
@ slightly different location of the parts. This relocation will 
be in future antenna assemblies but oannot be installed in the 
test model, As oa result, a loss of about 3 to 4 decibels through 
the present switch seotion is observed, rather tlan the approxi- 
mately 1,6 decibels obtainable with the modified desicn. 


The local oscillator injection was found to vary slightly, 
acoording to which switch tube was open. The effect nas no serious 
oonsequences but is to be eliminated in the untuned mixer now being 
designed by the use of directional couplers as injecting elements. 
This letter measure is expected also to accomplisn u considerable 
reduction in the amount of main bang coupling into the signal 
orysteal via the Ait crystel and local oscillator. Tests have 
shown that tnis channel is now responsible for most of the main 
bang disturbance of the receiver. 


The over=all signal-equal-noise sensitivity was observed 
to be about -107 dbw. Allowing for excossive switch section 
losses, this ie still somewhat less than oan be achieved without 
elaborate preceutions. Modifications of the crystal coupling 
circuit and the i-f input stage are in process and show promise. 
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A number of "radar-width" curves (curves of output error 
signal versus target or sigal generator deflection) have been taken 
and are reproduced in Figures 10, 11, 12 and 13, The degree of 
linearity was found to be adequate. (The sensitivity, or the angle 
at whioh saturation ooours, is adjustable by means of a direotional 
Sensitivity control.) The faot that no reversals of the sense of 
the information were observed out to large error angles was partiou- 
larly gratifying. figures 10 and 11 are for air path only. 


Mgure 12 shows the distortion of the radar width ourve due to 
the interposition of a plane polystyrene window in the path. The 
window was almost exactly 4 wavelength thick, so that reflections 
from the two faces interfered oonstructively,. 


Figure 15 shows how the distortion is removed by doubling the 
polystyrene thickness, for destructive interference. All curves 
wore taken by rotating the antenna relative to the window with the 
antenna mouth plane about 1 foot from the window. Thus, refleoted 
wave phase relations change very rapidly with angle, and the test 
ie quite rigorous. 

These tests are of importance on several scores, First, they 
represent the first over-all test of the intelligence syste, 
Second, they indicate that with a properly designed radome, radome 
shapes other than spherical may be permitted if the aerodynamic 
properties are improved therevy. Third, they suggest that the 
radome now mounted in the experimental airplane may not be suitable, 
This radome has a thiokness of 5/32 inch, which is approximately 
1/5 wavelength (in the dielectric). This thickness is quite close 
to 1/4 »mvelenzth and may well ive rise to phenomena similar to 
those observed with the single window. The effect may be reduoed 
to tolerability by the fact that the radome-antenna spacing is 
greater in the airplane. leasurements are planned, but various 
factorn have prevented their completion at this time. 


The apparatus nas been mounted in a specially equipped air- 
plane for flight tests. Two views of the apparatus, less antenna, 
are shown in Figure 14. The antenna was shown in the last 
Progress Report. In the first test, good tracking was obtained 
on ship targets, but not good directional information. The latter 
effect may have been due to switch tube misbehavior; one tube 
failed about 1/2 hour after the tests. Also, radome effeots may 
have contributed to this end. Ranges observed on this test v.ere 
limited to 6 or 7 (nautical) miles on ships, 9 miles on a fairly 
large hangar. It was subsequently observed that the sensitivity 
of the reoeiver was approximately 17 decibels below normal, due 
to a faulty crystal (mixer) and a maladjustment of the i-f input 
circuit. 


In subsequent tests in the uirplane, a series of minor diffi- 
oulties with power supplies, broken connections, etc., prevented 
further tracking experience, or mich more accurate range ceter- 
mination, dowever, very strong echoes have been received from 
unidentified land objects at ranges cut to 20 miles, under circum- 
etancee such thet failure to observe them at greater ranges was 
coincidental. 
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Miniaturisation and Development of Improved Components 
(a) Ref Development 
A refined switch section was developed for lower insertion loss. 


Development of the untuned mixer with directional couplers for 
looal oscillator injection is proceeding. 


New antenna development is being expedited. The recent shift of 
emphasis to powered versions and smaller versions has aSfeoted the 
courss of this development. Since the powered versions will probably 
not employ pitch homing, scanning is required only in azimth. Cone 
sequently, attention is now concentrated on development of a smaller 
antenna of higher gain. Information on the miltiple feed for a lens 
or dish is now being assembled, but less is expected of this type 
than of a second, now being investigated. The second type is a 
polyrod array as # primary radiator, \:ith rapid scen obtained by 
switching the point of feed. A second array is to be used for trans- 
mission in initial designs, at least, to avoid firing the switch 
tubes with the transmitted pulse. This last effect would be harmful 
to minima range perfcrmance beoause of switch tube reoovery time, 


2K45 klystrons (the thermal tuned variety) have been received 
end their properties havo been noted. The Aiv unit is to be re- 
designed to accommodate their thermal time lugs without oscillation. 
The new mixer will be "packaged" on the assumption that these tubes 
wili be employed rather than the 2E25. The 245 is now the preferred 
tube; in addition, it will not be necessary to provide access to a 
mechanical tuning adjustment. 2J5] iagnetrous (tunsble from 8,500 to 
9,600 mo; othertise similar to 2J55~2J56 tubes) have been reosived 
but not experimented with, Sufficient 2J55 snd 2J56 tubes are 
available for »resent experiments; it will presumably be some time 
before thea tunable feature is required. 


First experiments on the possible use of the 5C45 in place of 
the 4C35 as the modulator thyrutron show that present tubes cannot 
be expected to have a long life under euch severe overload condi- 
tions. However, the fact that a life of 60 hours was observed 
with one tube and 74 hours with another indicates that sufficient 
life may be attainable with only slight modificutione A very cone 
siderable size reduction would, of course, be obtuined in this oase,. 


(ob) I-? Developments 


Effort in the i-f field was directed toward locating and 
eliminating the cause of feedback in tho commercially made i-f strips 
and tovard modification of the input clrouit ‘cor lover noise figure. 
Some PHogress was made in the further development of miniature ampli- 


fiers. The printed circuit upproaoh, for miniaturization is now 
being reopened. 


See Reference 2, Bibliography, Section IX. 
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{c) Video Development 


Several items are under simultaneous consideration in the video 
olrouitry. Receipt of iron-oored ooils of high Q apparently makes 
possible the construction of a 2,000-cycle master osotllator, with « 
net space saving over the 8,000-oycle master oscillator and soale of 
four counter now used to establish the 2,000-cycle repetition rate. 
New soanning gate generators based on countinz rings are being 
studied as more economical replacements for the present gate generator. 
Use of a peak voltmeter rather than an energy meter to measure the 
information content of the gated control amplifier is being studied. ; 
The peak voltmeter would eliminate or reduce jitter in the directional 3 
information due to oscillation in the relative position of the gate ’ 

, 
t 
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and the target echo. 


blindjaturization of the video cirouitry is prooeeding on lower 
priority, this priority to be advanced when further types of miniature 
tubes are available, 


Ferfornanoe of a GO-cyole version of the electronio power supply 
was found adequate, and the packaging of 800-cycle (or 400-cyole; 
} the supply is designed to work on either) version has been assiyned 
| 7 to a service contraotor. 
+ 


3. Altimeter 


| 

i 

4 

: The development of en Ail altimeter has been started at the iimerson | 
i Radio and Phonograph Corporation. The apparatus will devesop a voltage 
: : proportional to altitude. Flyover tests have been completed to obtain 
: data on the sensitivities required and on optimum entenna arrangement. 


; 
: Ve. PROPULSION 
A. STATUS OF DEVELOPUENT 


Plans for the development of a propulsion unit for KINGFISIIER were 
initiated during the current quarter. The Bureeu of Aeronautios will super- 
vise the development of this unit. «As an interim device for the Type C 
missile, the liquid-fuel rooket motors of Project LARK are being considered. 
A net thrust of 800 lbs. is required. 
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VI. STABILIZATION AND CONTROL 
A. STATUS OF DEVELOPMENT 


It is planned to stabilize the antenna of KIIG FISHER radar along the 
line-of-sight to the target. Stabilization to within }', without hunt, is de- 
sired. The antenna assembly, which will weigh approximately 30 lbs “8 will be 
free to move, with respect to the miasile, 45° in azimuth and + 20° in pitch. 
It is planned to effect the stabilisation by means of a free gyro and to 
preoese the gyro as the line-of-sight changes by meuns of the radar error sig- 
nal developed. 


Tentatively, it is planned to stabilize the missile in pitch and roll by 
means of a gyro vertical, The position of tie reference axes is to be oon» 
trolled by radar error signals. Control of direction in yew motion will not 
be necessary because the KINGPIGHER turns by banking. An alternative system 
being given consideration is to atabilize in pitch and yaw by means of a free 
gyro spinning on the axis of roll and to stabilize in roll by means of an 
angular accelerometer. 


It is estimated that a servo system whicn will provide stabilization of 
the miseile mst be capable of delivering 1/3 H.P, to each flap of the bird. 


Progress on the development of oomponents for the stabilization system 
is reported below. 


B. CURREIT PROGRESS 
1, Antenna Stabilization 


The double, or "Piggy Back", gyro system of antenna stabilization 
whioh wae described in the last progress report has been abandoned. Tests 
indioate that nutation of the large gyroscope resulted in violent oscil- 
lations of the antenna. The large size and weight of the wheel, plus the 
need for a large motor, were other objection to its uge. 


Three other systems of motivation for the antenna stabilizer are well 
along in their development. 


In the first system, the antenna is bound ri;idly to the airframe at 
all times through gear and worm drives and a olutch mechanism, Thia 
system is under development by the Raymond ingineering Laboratories, Inc., 
and employs a refined version of the differential clutch shown in the 
previous Progress Report. In the later model of this clutoh, both discs 
are driven at constant speed at all times, the differential gears are 
eliminated, and the tilting roller is attached to the output shaft so 
that it will rotate in either direction, dependent on the direction of 
roller tilt, and at a speed corresponding to the degree of tilt. The 
tilting action is controlled by a rod projecting through a hollow central 
shaft. Thus, the only mass which is reversed is the smzll roller and its 
arm, which have a relatively low inertia and are rotating at low speeds. 
A schematic diagram of this devioe is showmm in Figure 16, and a photo- 
graph of this device is shown in Figure 16, 


FIGURE 15 


SCHEMATIC DIAGRAM OF NEW MODEL DIFFERENTIAL CLUTCH 
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PIGURE 16 


PHOTOGRAPH OF THE DIFFERENTIAL CLUTCH 
SHOWN SCHEMATICALLY IN FIGURE 15 
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In the second system, the antenna is bound to the airframe only 
through the stifiness of the radar cables and the friction of the gimbal 
bearings. Diso clutches ere being used. If the proper materials are 
chosen for the clutch faces, the coefficient of friction can be kept at 
@ oonstant value, independent of the speed. The output of such a clutch 
oan be considered to be a pure torque whose value is independent of the 
antenna position. In this manner, the inertia of the antenna helps to 
hold it steady. The anti-hunt mechanism must depend on the space angular 
velocities of the antenna and not on its velocities relative to the 
airframe. The F. H. Shepard Laboratories are developing this system. | 


The third system, which is being built at NBS, is intermediate to the 
other two systems in the degree of rigidity with which it is attached to 
the airframe. It employs small, high-speed, low-inertia, two-phase motors 
whioh are geared to the antenna. The antenna is then free by the ratio of 
its inertia of the motors multiplied by the square of the gear train ratio. 
The chief virtue of this system is the space economy which it makes 
feasible. The motors (and possibly the amplifiers) can be mounted : 
direotly on the antenna gimbal, thus freeing valuable airframe space for b 
other equipment. As a test of whether this conventional system was appli- j 
cable to antenna stabilization, it was spplied to an artifioial antenna 
and airframe in the laboratory, Anti-hunt was applied by mixing the 
output of a small generator with the error signal. This generator was 
geared to the antenna, so that its voltage was proportional to velocity. 
With ths proper ratio of this inverse feedback to the error signs!, the 
whole system could be made "dead beat." Tests conducted by rocking the 
artificial airfremo in one plane through a constant angle, at various 
velocities, showed that the antenna held its space orientation within 
© for accelerations up to one radian per second squared, and within | 
© for accelerations of five radians per second squared, Figure 17 is : 
@ photograph of a full-size dummy antenna mounted in a gimbal and the : 
forward frame in_such a way as to permit the antenna to look 25° both up { 
and down, and 60° both to the port and starboard. Provision has also ; 
been made for mounting a freo gyro on the side of’ the antenna and allow- { 
ing it to project through the gimbal frame. Sufficient space is available j 
towards the stern of the antenna for the radar gear, and the whole | 
‘ 


assembly will fit into the present BAI radome. 


Each of the three antenna stabilization systems employs a free gyro 

@s a space reference, in which the error information is picked up by i 
photoelectric means. ‘iork has been progressing on modifications to the i 
Mark 18 gunsipht gyro for this purpose. In Figure 18 are shown two H 
modifications to the ijark 18 gyro. This mothod has the advantages of { 
not imposing any precessional forces on the gyro and of giving a high i 
order of sensitivity and a high voltage output. Ths gyro on the left } 
employs a single phototube which is scanned by a rotating light bean i 
reflected from the gyro mirror and swung in a ciroular path by an offset 
- 

| 


rotating mirror, Directional information is obtained by means of a 

commutator on the shaft of the rotating mirror. The gyro on the right 

employs four miniature phototubes illuminated directly by the light beam 

reflected from the gyro mirror. This eliminates the rotating mirror and 

the commutator but increases the mumber of tubes necessary in the differ- 

ence and amplifier oircuits, Experiments have indicated that, by use of 

this modified gyro, it should be easy to slave the antenna to the radar. : 

All that is necessary is to rewind the precession coils already in the : | 
Mark 18 unit and couple them to the radar output through conventional ; 

diodes, 
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A pitoh and yaw simulator for testing the antenna stabilizer is now 
under construction. It consists of a large gimbal in which the whole 
forward assembly (including the antenna, its gimbal, the free gyro, and 
the servo mechanism) can be mounted. This can then be made to pitch 
and yaw, cither sim:ltaneously or independently, by means of variable 
speed drives, and the stability of the antenna measured. It is intended 
to compare the three systems of stabilisation now under development. 


2. Main Control Servo 


Two driving mechaniems are under development for the operation of 
the main control surfaces. The first of these is a refinement of the 
rapidly meshed gear olutoh first employed by NBS for the BAT. Friotion 
drive wedge or "V" gears are employed rather than the toothed gears 
formerly used. Two female gears are constantly driven in opposite 
directions and a centrally located male gear is engaged te one or the 
other by means of a solenoid, energized from the gyro end radar ampli-~ 
fier circuits. This central gear then drives a lead screw and nut whioh 
operates the control arm. It is hoped that proportioning contro] may 
be obtained by allowing some slippage of the wedge gears. 


The second method is being studied by the Raymond Engineering 
Laboratories, Inc., and employs a further modification of the differential 
olutoh, In ons version, three or more tipping rollers are used in an 
arrangement similar to that described for the antenna stabilization. In 
another version, the roller arm is hinged and hes a roller on each end, 
one end engaging a conical disc and the other a flat disc, and by tipping 
the roller on the conioal disc, differential action over a large speed 
range is obtained, 


Some preliminary consideration and design calculations have also 
been made on the development of a self-contained hydraulic unit which 
would be completely sealed and installed as a package. 


Considerable progress has been made in the development of the angular 
accelerometer as a pickup for roll stadilization. frrogressive models are 
shown schematically in Figure 19. ‘The first model, previously described, 
employs a spring to center the inertia elerent. angular acceleration 
causes a slight motion of this element relative to the f'rame which, in 
turn, unbalanoes a differential transformer by movement of the iron core. 


In the second model, the spring was replaced by the mugnetic force between 


the armature attached to the inertia element and the central leg of an "5" 


core di!'ferential transformer with the primary in the center. This moving 


element also changes the area of tne air gap between it and the outer 
legs ot' the transformer, thus unbalancing the secondary voltages. Using 
@ similar principle, a mich smaller instrument (Jlodel 3 in Figure 19) 
was developed. This model is only three inches long in its greatest 


dimension. It, too, employs magnetic centering, but the output is obtained 


by varying the lengths of the outer air gaps by a rocking motion about a 
bearing in the inertia element. 


Since the accelerations involved are of the order of one radian per 


second squared, the foroes applied to the instrument are very small. Howe 


ever, the first model had a sensitivity of 10 mv per radian per second 


squared, the second model gave up to 100 mv, while the miniature model has 


an output of 50 mv for the same acoeleration. 
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VII. POWER SUPPLY 
A. STATUS OF DEVELOPMENT 


The primary source of enerzy both for the radar and the two stabilization 
systens is the air stream. Two generators, driven by one or two variable~pitch 
oonstant~speed windmills, are to be used. The radar generator will supply 
approximately 1 kw at 400 cps; the servo generator will have similar oapacity, 
but the exact form of the output awaits further definition of servo requirements. 


First models of the power supply have been built and found satisfaotory in 
laboratory tests. 


B. CURRENT PROGRESS 


The constant-speed windmill and the a-o/d-c generator converted from the 
Eclipse Type 8U0-1-) motor generator, which were both described in qarterly 
Progress Report No. 1, were assembled and tested in the high-speed 12-inch 
wind tunnel. Figure 20 is a photograph which shows the complete power supply 
in the wind tunnel. Oscillographic records were made of the outputs over a 
wide range of load conditions. Regulation of the a-c voltage and interaction 
between the dc and a-c sides were both ood. 


The speed regulation characteristics of the constant-speed windmill were 
within +7% under all load conditions. However, an air velocity of 280 knots 
was required before the windmill could drive the generator under full load. 

A new model of this windmill has been designed with 8 blades instead of 5 and 
with a larger hub diameter. This unit should be capable of delivering more 
than sufficient power ror any generator load now envisaged. Pitch limit stops 
have also been incorporated to remove any chance of reversal when starting 
under load. An order has been placed for limited production of this latest 
design. 


The generator previously described was capable of sufficient power output 
and has good rejulation. The frequency of the a-c side was 800 cps and the 
speed of rotation was 8,000 rpm. It is felt that a lower speed is more 
desirable for operation with the windmill drive, and that 400-cycle a.c. is 
more desirable with presently availabie control motors atd gyroscopes. Hence, 
@ new modification of the Eclipse iiotor Generator Type 800-l-D has been made. 
This machine has new windings throughout exce.t for the d-c armature and has 
the following ratings: 

A.C. D.C. 
Volts 126 12 
Amperes 7.5 60 
Speed 4,000 rpm 


The machine will withstand considerable overload. Alternating voltage 
regulation is achieved by saturating the field of the a-c generator. Ag a 
Teault, so long as there is a constant load on the a-c generator, large load 
changes in the d-c load result in very little change in a-c output voltage. 
Since this method eliminates the use of oarbon pile regulators and a reoti- 
fler, further tests are under way to determine the suitability of this az a 
final design. 
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FIGURE 20 


ELECTRICAL TOWER SUPPLY MOUKTED FOR TEST 
| IX 12-INCH HIGH@SPEED WIND TUNNEL 
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VIII. INSTRUMENTATION 
A. STATUS OF DEVELOPMENT 


The instrument system developed for BAT, with some improvements, is being 
ueed for KINGFISHER flight tests. This system inoludes two recording cameras 
within the missile and two ground stations for obtaining trajeotory data by 
eptioal methods. The oameras within the missile are enclosed in rugged oases 
to preserve the records from damage caused by impact. One camera photographs 
an instrument panel and the other, the view directly ahead of the missile. 
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Consideration is being given to telemetering systems to supplement the 
present photographio reoord system. 


B. CURRENT PROGRESS 


A number of existing telemetering systems have been studied but none of 
these will handle the small voltages from strain gages (suoh as might be used 
to measure hinge moments) without the addition of d-o amplifiers or other de- 
vioes to raise the low voltare to an adequate moduleting level. It has been 
found that the pulse-time telemetering system under development at NBS oan be 
used to handle strain gage outputs directly by using saturable reactors as 
phase modulators, It appears that a considerable saving in space and com- 
plexity is possible by use of this scheme. 


Receiving systems tor telemetering have been investigated with the objeot 
of aimplifying the field installation required. A simple reliable system 
appears to be as follows. In the receiver, the reference pulse triggers a 
horizontal ewitch on a cathode-ray oscillograph. The channel intelligence 
pulses are applied to the intensity grid and appear on the screen as a succes=- 
sion of dots, each of which may be moved laterally by eppropriate modulation 
in the corresponding channel. A film moving vertically records the channel 
signals. This recording system is mech simpler than many others whioh require 
electronic switching for ohannel separation and power amplification for driving 
reoording oscillograph elements, In this receiver, the efrect of noise pulses 
is not as serious as is the case rith some other systems. It is necessary to 
separate the reference pulses from the chennel intellisenoe pulses, but a oer- 
tain amount of rancom noise can be tolerated since there is no eleotronic 
switch to be thrown out of synchronization. as long as the norizontal sweeps 
are properly synchronized, the chanuel sequence is not disturbed. «another 
pronounced advantage in this receiver is that failure of any one or more 
ohannels does not affect tne remaining channel synchronization. 
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Reports on Flight Tests K-12, K-14, K-15 and K-20 were 
issued during the current quarter. 


Projeot KINGFISHER is under the 
@irection of Wavy Department, Bureau 
of Ordnanoe, ReSe, Washington 25, 
D.C. Requests for copies of reporta 
should be addressed to Comdr, Omar N. 
Spain, Office ef Publio Relations, 
Navy Department, Washington 25, D. C, 
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